Objective: To analyse patients with rheumatoid arthritis, treated with methotrexate in a weekly academic rheumatology clinic over 13 years, for continuation of courses and reasons for discontinuation. Methods: All 248 patients with an analysable longitudinal course who took methotrexate in standard care between 1990 and 2003 were studied. Continuation of courses was analysed using life tables. All abnormal and severely abnormal values for aspartate aminotransferase (AST) .40 U/l, .80 U/l, albumin ,35 g/l, ,30 g/l, white blood cell (WBC) count ,4.0610 9 /l, ,3.0610 9 /l, and platelet count ,150610
O ver the last decade, methotrexate has become the most commonly prescribed disease modifying antirheumatic drug (DMARD) for the treatment of rheumatoid arthritis. 1 Methotrexate courses are continued longer than any other DMARD, [2] [3] [4] [5] [6] indicating long term effectiveness, including improved long term survival. 7 8 Furthermore, methotrexate is continued longer than any non-steroidal anti-inflammatory drug (NSAID), 9 emphasising its tolerability. It has been reported that the development of liver function test abnormalities is relatively unusual, 6 10 perhaps even more so since the introduction of routine folic acid supplementation. 11 12 Methotrexate is given to patients with rheumatoid arthritis at considerably lower doses than for the treatment of leukaemia and other malignancies 13 or after organ transplantation, generally in weekly doses of 25 mg or less. Weekly low dose methotrexate in patients with rheumatoid arthritis appears to act primarily as an anti-inflammatory drug rather than as an antimetabolite.
14 Nonetheless, many clinicians and pharmacy information sheets continue to regard low dose methotrexate as a traditional cytotoxic chemotherapeutic agent, with extensive potential toxicities for patients. In this report we analyse consecutive patients with rheumatoid arthritis treated at a weekly academic clinic with methotrexate between 1990 and 2003, to characterise continuation of courses, reasons for discontinuation of treatment, and laboratory abnormalities in patient monitoring.
METHODS
A database to monitor all consecutive patients seen at a weekly academic clinic has been maintained since the 1980s by TP. It has been the policy since 1990 to consider all patients with rheumatoid arthritis as candidates for methotrexate, generally beginning this treatment at the first or second visit. Patients who are treated with methotrexate in this clinic are advised to limit alcohol intake to two drinks a day, but not necessarily to abstain totally.
The database included 418 patients who were seen between 1990 and 2003 and met the 1987 revised American College of Rheumatology (ACR) criteria for rheumatoid arthritis. 15 Among these patients, 93 had no therapeutic decisions by TP, including 27 seen by TP before 1990 but by other rheumatologists after 1990, 19 patients of other rheumatologists seen only once by TP for a ''second opinion,'' and 47 seen only for a research protocol. Most of these patients took methotrexate at some time. Another 48 had methotrexate prescribed but no laboratory data were available during the study period, including 21 who never returned for another visit, eight who refused to take methotrexate, seven who had methotrexate prescribed by a previous physician and discontinued because of toxicity before being seen by TP, four who had clinical toxicity after one dose and did not continue methotrexate, and eight who had no follow up laboratory tests within the study periodthat is, methotrexate began in 2003. Among the remaining 277 patients, 29 were not prescribed methotrexate, including 18 judged to have sufficiently controlled disease, five with severe comorbidities, two who were regarded as too debilitated for methotrexate, three who had more than three alcoholic drinks a day regularly, and one who was pregnant.
Altogether, 248 of 277 patients (89.5%) who were eligible for methotrexate treatment received methotrexate (or 296 of 325 (91.1%), including those who had methotrexate prescribed but were not recruited to the study because no laboratory data were available during the study period). The study database included the 248 patients who met ACR criteria and who had been treated with methotrexate by TP in standard non-protocol clinical care.
Continuation of methotrexate courses was calculated using life table analyses and Kaplan-Meier statistics. The reasons for discontinuation were recorded and compiled using descriptive statistics. Twenty seven patients had started methotrexate before January 1990 and their courses were included in the survival analyses only.
The database was examined for laboratory abnormalities from 1 January 1990 or the date of institution of methotrexate, whichever occurred later, to the first occurrence of any abnormalities or discontinuation of the observation period, whichever came first.
Abnormal laboratory results were defined as follows:
N white blood count (WBC) ,4.0610
N platelets ,150610
Clinically severe abnormal results were defined as AST .80 U/l, albumin ,30 g/l, WBC ,3.0610 9 /l, and platelets ,100610
9 /l. The number of patients with incident abnormal results and person-years at risk were calculated over the observation period. All patients with severely abnormal laboratory tests were reviewed for further tests and clinical outcomes. The actions of the clinician taken in response to all abnormalities of AST, albumin, WBC, and platelets, and subsequent laboratory test results, were recorded from the medical record and database.
RESULTS
Among all 248 study patients with rheumatoid arthritis who had taken methotrexate in standard care between 1990 and 2003, 182 (73%) were female and 230 (93%) were white; the mean age was 55 years and median duration of disease 5.8 years. The mean (SD) frequency of laboratory tests was every 15 (19) weeks with a median of 13 weeks; most patients had laboratory evaluations every three to four months. The mean (median) dose of methotrexate was 9.0 (7.5) mg at the first visit during the study period and 12.6 (10.0) mg at the last visit. Prednisone was taken by 213 patients (86%) with a mean (median) dose of 5.6 (5.0) mg at the first visit during the study period, and 218 (88%) patients were taking prednisone of 5.2 (5.0) mg at the last visit. Folic acid was taken by 228 patients (92%). Hydroxychloroquine was taken by 84 patients (34%) concomitantly with methotrexate at least some of the time.
The cumulative probability of the 248 patients continuing to take methotrexate after five years was 79% (95% confidence interval (CI), 72% to 84%) ( fig 1) . Overall, 46 patients (18.5%) discontinued methotrexate and did not restart it during the observation period. The reasons for discontinuation included adverse effects in 26 patients (56.5% of discontinuations), inefficacy in 15 (32.6%), improvement of status in three (6.5%), pregnancy in one (2.1%), and other disease (lung cancer) in one (2.1%) (table 1). Of the 26 patients who discontinued because of adverse effects, six were for gastrointestinal toxicity, three for oral ulcers, three for rash, three for malaise, three for pulmonary symptoms, two for pneumonia, two for nodules, two for other side effects, and two for laboratory data (neither of which was found in routine testing).
In a follow up of 1007 person-years (mean 4.1 years, median 3.1 years per patient), the incidence of any abnormal laboratory test (table 2) was 20 (95% CI, 16 to 24) per 100 person-years; specifically, 7.1 for AST .40 U/l, 8.7 for albumin ,35 g/l, 1.9 for WBC ,4.0610 9 /l, and 1.8 for platelets ,150610 9 /l. The incidence of any clinically severe abnormality was 2.9 (95% CI, 1.9 to 4.2) per 100 person-years (table 2) ; specifically, 0.9 for AST .80 U/l, 1.1 for albumin ,30 g/l, 0.7 for WBC ,3.0610 9 /l, and 0.3 for platelets ,100610
9 /l. The likelihood of a clinically severe laboratory abnormality appeared similar during each year over the five years of observation.
In most situations, no action was taken by the clinician in response to the abnormalities (table 3) . In one patient, methotrexate was discontinued for seven months because of an AST value of 149 I/U but was then reinstated at the patient's request; AST values remained mildly elevated. The median (range) follow up period after clinically important abnormalities was 2.6 (0.7 to 10.5) years for the nine patients with AST .80 U/I, 2.4 (0.2 to 4.1) years for the 11 patients with albumin ,30 g/l, 2.1 (1.0 to 4.9) years for the seven patients with WBC ,3.0610 9 /l, and 10.9, 4.3, and 2.5 years for the three patients with platelets ,100610 9 /l (table 3) . During the follow up period, all patients with severely abnormal values had values in the normal or near normal range, with one exception-a patient with Felty's syndrome who had been under care for only 1.1 years at the time the data were analysed. All severely abnormal values were followed by a value in the normal or mildly abnormal range, and no abnormal laboratory value developed into a serious clinical problem, including cirrhosis or death. No patient had a liver biopsy.
Two patients discontinued methotrexate because of apparent laboratory abnormalities. A 77 year old man developed diarrhoea and weakness after beginning treatment with a new NSAID, having taken methotrexate for six years. His WBC was 0.7610 9 /l when he was admitted to a hospital. WBC was normal at discharge, but methotrexate was nonetheless discontinued. A 43 year old man reported that he was told by his primary care physician to discontinue methotrexate because of a low WBC. His WBC was never recorded as abnormal in regular clinic laboratory testing. Nonetheless, the patient elected to discontinue methotrexate. Neither of these WBC abnormalities leading to discontinuation was found in regular laboratory safety monitoring. No patient discontinued methotrexate permanently because of abnormalities of AST, albumin, or platelets.
DISCUSSION
Over 1007 person-years of methotrexate, the incidence of any laboratory abnormality was 20 per 100 person-years at risk, the incidence of clinically severe laboratory abnormalities was 2.9 per 100 person-years, and the incidence of a clinically severely abnormal AST value was 0.9 per 100 person-years. Severe laboratory abnormalities were unusual, and no patient with laboratory abnormalities showed increased clinical or laboratory severity over time. All patients with abnormalities had a laboratory test within a normal or near normal range on subsequent testing, generally without discontinuing methotrexate, and in most cases without changing the dose, except for one patient who had Felty's syndrome.
It is the policy of this clinic to consider methotrexate for all patients with rheumatoid arthritis, generally on the first or second visit. Overall, 248 of 277 eligible patients (89.5%) received methotrexate, as well as most of 141 patients excluded from the study cohort because laboratory data were not available for methotrexate or they were included in research protocols (see Methods). No severely abnormal laboratory values were noted in the excluded patients, although there was not a rigorous search for all laboratory tests as in the study patients. In the 248 study patients, methotrexate was discontinued without restart in only two patients because of abnormal laboratory results, neither of which was identified on routine safety tests. A low WBC of 0.7 in one patient may have been caused by infection, an NSAID, or another drug, rather than by methotrexate. In the other patient, the WBC was low only once, and it was questionable whether this was caused by methotrexate. No AST or albumin values in regular safety tests led to permanent discontinuation of methotrexate. More than 90% of the adverse effect related permanent discontinuations were on the basis of a clinical problem such as gastrointestinal distress, oral ulcers, and so on, rather than a laboratory abnormality. Therefore, clinical monitoring of methotrexate for toxicity appears at least as important as laboratory monitoring.
The results presented here are similar to those in a previous prospective long term observational study of 271 patients over a mean treatment duration of 31.4 months with a mean methotrexate dose of 17 mg, in whom leucopenia ,4.0610 9 /l occurred in only eight patients (3%) and thrombocytopenia ,100610
9 /l in only seven (2.5%). 6 However, any AST elevation was encountered in 17% of patients, any serum alanine transaminase (ALT) elevation in 34%, and severe ALT elevation in 6%, perhaps because folate supplementation was not used. 6 Nonetheless, severe disturbance of hepatic function tests was rare in that study, and the number of withdrawals (16.5%) is comparable with the discontinuation rate seen in the present study. Furthermore, no withdrawals occurred because of a laboratory abnormality encountered in patient monitoring.
6 Table 2 Incidence of hepatic and haematological laboratory abnormalities in 248 patients with rheumatoid arthritis over 13 years of observation The results are also consistent with experience at the Hospital for Special Surgery, 10 which indicated 94 (3.4%) abnormal liver function tests in 2791 tests carried out in 182 patients with rheumatoid arthritis. In that study, the most common reason for discontinuation of methotrexate was inadequate clinical response rather than side effects, and few clinically significant adverse effects were seen. The frequent use of folic acid supplementation may have contributed to these results.
This report also confirms findings more than a decade ago that at least 50% of courses of methotrexate were continued over five years, compared with fewer than 20% of courses of traditional DMARDs, 16 17 with even higher continuation rates at this time, possibly reflecting the earlier use of methotrexate over the years. The 0.9% incidences of twice normal AST abnormalities per 100 patient-years taking methotrexate found in this study is in the range of, or even lower than, listed for rofecoxib, celecoxib, and other NSAIDs (2-3% in the package insert for these drugs). 18 No liver biopsies were done, as several studies have suggested that hepatic fibrosis seen in early studies may have been related to rheumatoid arthritis and other drugs rather than to methotrexate, were not clinically significant, and rarely progressed to cirrhosis. [19] [20] [21] [22] It has been suggested that routine liver biopsy during methotrexate treatment exposes the patient to greater risk than clinically relevant information would justify and is not cost-effective, [21] [22] [23] a viewpoint which influenced the approach to the patients under care in our study. In a study of patients with psoriasis who were diagnosed with cirrhosis but chose to continue methotrexate therapy, most showed a similar grade or even improvement in the cirrhosis upon repeat biopsy. 24 There are several limitations to this study. First, there was no prospective systematic analysis of specific clinical toxicities of methotrexate at each visit, so that some patients may have had toxicities such as oral ulcers not recorded here. However, all abnormal laboratory tests, as well as discontinuations and their basis, were recorded. Second, there was no specific recording of the alcohol intake of the patients, although it is known that some of these patients did consume two alcoholic drinks a day. Third, although the patients were observed over a 13 year period, the data were obtained in a once a week clinic. However, the clinic functions as a regular clinical setting on that day, and longitudinal data have been recorded over many years in many patients. Fourth, 1007 patient-years are insufficient to exclude a rare abnormality; however, similar data were reported for more than 18 000 patients at the most recent meeting of the American College of Rheumatology. 25 We conclude that weekly low dose methotrexate appears to have toxicity in the range of NSAID or cyclo-oxygenase-2-selective drugs, unlike high dose methotrexate given as a cytotoxic chemotherapeutic agent in the treatment of neoplasia.
14 The ''side effects'' of rheumatoid arthritis in its natural history 26 27 appear substantially greater than the side effects of methotrexate documented in this and other reports over long periods, particularly with emerging data that methotrexate treatment appears to be associated with improved survival. 7 8 Of course, vigilance for clinical and laboratory toxicities is required in the use of methotrexate or any other drug, particularly in patients who have compromised hepatic or renal function. 28 Nonetheless, these observations may suggest some shift in physician attitudes as well as in clinical and pharmacy approaches to the use of weekly low dose methotrexate in patients with rheumatoid arthritis.
